The Al-TiC composites containing three different volume fractions 0.07, 0.12 and 0.18 of TiC have been fabricated and wear characteristics of Al-TiC composites have been investigated under dry sliding. Dry sliding wear tests have been carried out using a pin-on-disk wear tester at normal loads of 9. 8, 14.7, 19.6 and 24.5 N and at a constant sliding velocity of 1.0 m/s. The wear rate has been found to vary linearly following Archard's law. The wear rate is significantly lower in composites as compared to that in base material. The wear mechanism appears to be primarily oxidative under the test conditions taken in the present investigation. Average coefficient of friction also decreases linearly with increasing normal load and volume fraction of TiC.
INTRODUCTION
Aluminium alloys reinforced with ceramic particles such as SiC [1] , TiC [2, 3] , and Al 2 O 3 [4] , graphite [5] are currently being developed for various high-performance applications. Ceramic particles -reinforced aluminium MMCs fabricated by in situ processes are also being extensively studied due to their potentially low fabrication cost. TiC particulate reinforced MMCs are very interesting because TiC is thermodynamically stable and enhances the hardness and lightness of the composite. Sahoo and Kozack [2] have synthesized TiC particles in aluminium melts by injecting CH 4 gas into Al-Ti alloy melt. Choh [6] fabricated in situ TiC composite by utilizing the reaction between liquid aluminium alloy containing thermodynamically stable carbide forming elements.
In the present investigation an effort has been made to develop aluminium matrix composites by in situ formation of TiC particles in the melt following a casting route. The effect of normal and TiC content on friction and wear behavior of these composites has been analyzed and compared with base metal by carrying out dry sliding wear tests.
EXPERIMENTAL DETAILS
The Al-TiC composites of three different volume fraction of TiC have been fabricated by in melt reaction method. In this procedure, 200 g of pure aluminium was melted in a graphite crucible kept in a silicon carbide furnace and held at a temperature of 1473K. Then, 60 g SiC powder (13 µ m) and 72 g granules of titanium were added and incorporated with intermittent stirring. The melt was held at this temperature during 30 minutes to allow the reaction to take place for the formation in situ TiC particles. At the same time 400 g of pure aluminium was melted in another crucible kept in separate furnace and held at 1073K.The melt from the first crucible was added to the second one and the whole melt was then stirred for 15 minutes before pouring in to the mold. [7] Samples were characterized using standard metallographic technique sand mechanical properties like were measured using standard test methods. Details of experiments can be found elsewhere. [7] Dry sliding wear tests for the aluminium and the composites have been conducted using a pin-on-disk wear testing machine at different normal loads 9.8, 14.7, 19.6 and 24.5 N and at a fixed sliding velocity of 1.00 m/s. Details of the wear testing can be found elsewhere. [8] The worn surfaces of the specimens have been examined under Scanning Electron Microscope (SEM).
RESULTS AND DISCUSSION
The microstructure of the composite as given in Fig.1 shows the TiC particles in a matrix of Al-Si. However, some Al 3 Ti (marked by arrow) in the form of needle is also observed in the microstructure. Similar microstructural features have been observed for other composites containing 12 % vol. and 18% vol. TiC. Table 1 gives the data of designations, compositions and mechanical properties of the materials studied in the present investigation. The wear rate, i.e. volume loss in wear per unit sliding distance at a given load, has been determined from the slope of the linear least square fit lines at different loads from the basic cumulative wear volume Vs. sliding distance data. The wear rate has been found to increase linearly with increasing normal load for both the pure aluminium and Al-TiC composites following Archard's law. [9] However, the composites have shown a significantly lower rate of wear as compared to that observed in pure aluminium.
The variation of wear rate with volume fraction of TiC at different loads is shown in Fig. 2 . The wear rate decreases sharply as the volume fraction of TiC increases from 0 in pure aluminium to 7 % vol. in composite C1. Thereafter, the wear rate decreases linearly as the volume fraction of TiC increases from 7 (C2) to 18 % (C3). This may be attributed to the incorporation of hard TiC particles resulting in an improvement in the hardness and reduction in real area of contact. Since real area of contact is taken as the ratio of the normal load to the hardness of the pin material therefore, wear rate decreases with decreasing real area of contact. The average coefficient of friction also decreases with increasing volume fraction of TiC in the composites as it is shown in Fig.  3 . This may be attributed to the higher hardness of the composite resulting in lower real area of contact and therefore, smaller number of junctions which require less energy to get sheared during sliding as compared to the pure aluminium. An examination of the worn surfaces of the specimens of composites shows a transfer layer of compacted wear debris along with the wear tracks over the sliding surface indicative of the prevailing mechanism of wear to be primarily mild oxidative.
CONCLUSIONS
The wear rate increases linearly with increasing normal load following Archard's law. However, composites have shown a lower rate of wear as compared to that observed in pure aluminium. This may be attributed to higher hardness of the composite due to incorporation of hard TiC particles resulting in a lower real area of contact and therefore, wear rate. Wear rate and average friction coefficient also decreases linearly with increasing volume fraction of titanium carbide. Friction and wear response improves with increasing volume fraction of TiC under the given conditions of load and speed.
ACKNOWLEDGMENTS
The author acknowledges with thanks the financial support provided by the Department of Science and Technology, Government of India for carrying out this investigation (Grant No. SR/FTP/ET-04/2000). 
